To determine whether all Legionella species show common flagellum antigen properties, we developed a reagent using latex beads sensitized with flagellin-specific immunoglobulins that could be used in a simple and rapid agglutination reaction to identify Legionella colonies. A total of 278 strains (68 Legionella reference strains and 210 patient and environmental isolates) were tested. The results were compared with those obtained by a direct immunofluorescence assay using an antiflagellum serum and by morphological observations by electron microscopy. The immunological methods based on the use of a flagellum-specific serum have confirmed the presence of a common flagellum antigen for all Legionella species described to date. Flagella were detected for all the legionellae studied except four species: L. oakridgensis, confirmed as a nonflagellate species; L. brunensis; L. cincinnatiensis; and L. longbeachae serogroup 1. However, we noted a remarkable variability in flagellum expression, of greater or lesser degree, according to the species and their origin. A combination of all three methods of flagellum detection revealed that 86.3% of Legionella strains studied were flagellate. The latex test identified 89.6% of these strains, 97.5% of L. pneumophila, and 100% of L. pneumophila serogroup 1.
Apart from Legionella oakridgensis (4) , all the Legionella species described possess flagella. Elliot and Johnson (1) and Rodgers and Laverick (5) have demonstrated the presence of a common flagellum antigen both in the first serogroups described of L. pneumophila and in three other species.
In a preliminary study carried out in our laboratory, we confirmed by direct immunofluorescence assay (DFA) using an antiflagellum serum (DFA.AF) that other Legionella serogroups and species contain the same antigen (3) .
In order to ascertain whether all Legionella species show this property, we have developed a reagent that is simpler and more rapid to use than DFA.AF, using latex beads sensitized by flagellin-specific immunoglobulins (LX.AF). An agglutination reaction with this reagent should allow a probable identification of Legionella colonies.
The reagent appears potentially useful not only for human specimens but also for environmental analyses carried out in the course of epidemiological surveys.
MATERIALS AND METHODS
Flagellin production. The flagella were prepared according to a previously described protocol from a clinical strain of L. pneumophila serogroup 1 (851010008) grown on charcoal yeast extract (CYE) at 35°C for 72 h in the presence of 2.5% CO2 (3) . Cultures were collected from the plates, and the flagella were first separated mechanically from the bacteria (2 min in a homogenizer; Sorvall, Newtown, Conn.) and then purified by repeated centrifugation (16,000 rpm, 2 h; SS34 centrifuge; Sorvall) and ultracentrifugation (38,000 rpm, 3 h; TFT 50.38; Kontron, Zurich, Switzerland). Flagella obtained were suspended in phosphate-buffered saline (0.07 M, pH 7.2).
The heat-killed bacterial pellet (30 min at 120°C) was stored as a flagellum-free pellet. Purity of the preparation was confirmed by sodium dodecyl sulfate-polyacrylamide gel electrophoresis by the method of Laemmli (2) and by * Corresponding author. electron microscopy (EM). A suspended colony in distilled water was added to a drop of 1% (w/vol) phosphotungstic acid (pH 6.8) and placed on 400-mesh Formvar-coated grids. After 30 s of contact, the grids were examined by using a scanning transmission electron microscope (JEOL 1,200 EX). Approximately 400 to 500 cells of each strain were scanned for the presence of flagella.
Antiflagellin serum production. The antiflagellin serum was obtained by rabbit immunization using a conventional method, with a flagellin suspension containing 2 mg of protein per ml in phosphate buffer (pH 7.2) (3). It was then absorbed (vol/vol) by the bacterial pellet by shaking for 1 h at 35°C. Specificity was checked by DFA using flagellate legionellae and by immunoblotting (Multiphor II 2117; LKB, Uppsala, Sweden) using a 1-mg/ml flagellin solution. the presence in varying numbers (C and D) or total absence (E) of flagella. Table 2 shows that when strains were classified according to their origin, all the reference strains of L. pneumophila except serogroups 8 and 10 and 97.5% of patient and environmental laboratory isolates were positive with the LX.AF reagent. Conversely, among the 37 other Legionella species that revealed a wide variety of flagellum expression, 38.5% of the reference strains and 61.3% of the laboratory isolates were positive. Of the total of 278 strains tested, 215 were positive with latex; DFA.AF improved the positivity results by 2% (Table 1) .
When all three methods (LX.AF, DFA.AF, and EM) were associated, 86.3% of the Legionella strains were shown to be flagellate. The latex test allowed identification of 89.6% of these flagellate strains. For the two reference species tested (L. pneumophila serogroup 1 and L. jordanis), highly reproducible positive results were obtained under a variety of culture conditions (see Materials and Methods) and for whatever colony was sampled. The specificity of the reagent is indicated by the fact that none of the other bacterial genera examined gave positive results; their reaction was either totally negative (32 of 78 strains tested) or noninterpretable (46 strains). The stability of the reagent was good; after storage for 2 months at 4°C, identical results were obtained.
DISCUSSION
All but four of the Legionella species and serogroups that we studied were confirmed to possess flagella ( Table 1) . As regards L. brunensis and L. cincinnatiensis, which are described as flagellate and for which we had only reference strains, a loss of flagella probably occurred, as has repeatedly been observed in the present study for the reference strains, in particular for species other than L. pneumophila (Table 2) . L. oakridgensis, of which we tested six strains, one of which was the reference strain, was confirmed to be nonflagellate.
Lastly, our observation that L. longbeachae serogroup 1
is not ciliated (based on tests of the reference strain plus three laboratory isolates, one from a patient and two environmental samples) conflicts with the initial description of the species as flagellate. We plan to further examine this discrepancy by testing a larger number of strains. However, we noted a remarkable variability of flagellum expression, of greater or lesser degree according to the species and origin. Thus, as a whole, most reference strains showed no flagella, and loss of flagella occured more often in non-L. pneumophila legionellae (38.5 versus 93%) ( Table 2) .
The loss of flagellum expression in the reference strains is probably related to the number of subcultures; it may be that, in addition to possible interspecies differences in the strength of the link between flagella and bacteria, the culture conditions tested are not necessarily optimal for flagellum development and that optimal conditions vary from species to species.
The immunological methods (DFA.AF and LX.AF) based on the use of a flagellum-specific serum have confirmed that the Legionella species described here express common flagellum antigens. Thus, 40 of the 48 species identified as flagellate in our study were demonstrated by both DFA.AF and LX.AF latex tests ( Table 1 ).
The small number of flagella detected by EM in group D strains probably explains the negative results of the immunological tests.
On the other hand, it is possible that there is antigenic diversity of the flagella among the group C strains that were revealed normally flagellate by EM, although here again we had only reference strains at our disposal.
In contrast to the methodology of DFA and hybridization, In conclusion, although a very few nonflagellar legionellae cannot be detected by LX.AF, the reagent, which can be easily used in all laboratories, allows rapid detection of legionellae by using routine culture methods (BCYE medium). It is therefore particularly suitable for use during epidemiological surveys involving the detection of legionellae in environmental samples that have often been highly contaminated by various bacterial flora. Thus, provided the reagent is carefully used in conjunction with a negative control latex, microbiologists with little experience in identification of legionellae will be able to more easily select doubtful colonies without resorting to observation with a magnifying binocular (cut-glass appearance of colonies) or by Gram staining.
The development of growth conditions more favorable for flagellum expression in all Legionella species will probably improve the sensitivity and applicability of the latex test.
